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It was reported that the E.coli mutant strain exhibited the resistance against amitrole (AT) which had used as a 
pesticide and inhibits the bacterial growth. In order to elucidate the mechanism on the AT-resistance in E.coli, 
we prepared the E.coli mutant strain by treating with chemical mutagen, MNNG, and then selected the 
AT-resistant E. coli strain. The obtained mutant strain was possible for proliferating even in the M9 minimal 
medium containing 2 mg/ml AT. Therefore, we examined the expressed proteins in the mutant strain, which was 
cultured under various conditions. As a result, it was suggested the expression of 22 kDa protein (P1) was 
suppressed as the AT concentration was increased in M9 medium. By the amino acid sequence analysis, it was 
proved that P1 must be alkyl hydroperoxide reductase C22 protein (ahpC). On the other hand, the expression of 
P2 protein in mutant strain has increased in the M9 medium containing 2mg/ml AT, and partial amino acid 
sequence of P2 was consistent with zinT (yodA) protein. From these results, it is likely that the 
amitrole-resistance in E.coli might be regulated by soxRS regulon, not oxy R, like adaptation for the oxidative 
stress. 
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ストレス応答 (Oxidative stress response)、熱ショ














ーゼと結合して、rpoH, dnaKJ, groESL などの




損傷が起きた場合、RecA が LexA リプレッサー
(SOS 応答遺伝子群を抑制 )を分解し、 recA, 
ruvABC, uvrABCなどのSOS応答遺伝子群が働き、
DNA の修復が行われる(1),(4)。緊縮応答の場合は、

































Luria-Bertani (LB)培地 (0.5% (w/v) yeast extract、
1% (w/v) tryptone、1% (w/v) NaCl )で 37ºC、
OD600nm=0.5まで培養し集菌した後、M9最小培地
(1.2% (w/v) Na2HPO4、0.6% (w/v) KH2PO4、0.1% 
(w/v) NaCl、0.2% (w/v) NH4Cl、2mM MgSO4、22mM 







































濃縮用 3％とした。泳動終了後、Coomasie Brilliant 









 SDS-PAGE ゲ ル か ら の PVDF 膜 へ の
Electroblotting は、下記の通り行なった。まず、
PVDF-PLUS メンブレン(MICRON SEPARESION 
INC.)を 100% methanolで 5秒間、超純水で 5分間、
transfer buffer (25mM Tris-192mM Glycine, 15% 





15 分間洗浄後、CBB で 5 分間染色した。これを
脱色液 1 (45% MeOH,7% 酢酸)で 15分間振とう
し、さらに脱色液 2 (90% MeOH,7% 酢酸)で 40
秒間振とう、洗浄後、メンブレンを乾燥させた。
転写された PVDF メンブレンをアプロサイエン
ス社に委託し、Procise 494 HT (ABI)気相式プロテ
インシーケンサーにて、タンパク質の N 末端ア
ミノ酸配列決定を行った。また P2タンパク質は、








れたアミノ酸配列を BLAST および FASTA にて
相同性解析を行った。 
 
野生株および変異株の genomic DNAの調製  
野生株および変異株の genomic DNAの調製は、
Wirzard SV genomic DNA purification system 
(Promega)により行った。まず、各株を LB 培地





により DNA を回収した。これを DNA hydration 
solutionにより溶解させ、4 ºCで保存した。 
 
大腸菌由来 Alkyl hydroperoxide reductase C22 
protein (AhpC)遺伝子および zinT (yodA)遺伝子
のクローニングと塩基配列解析  
調製した大腸菌野生株および変異株の genomic 
DNA を鋳型として、AhpC および zinT (yodA)遺
伝子(17)をPyrobest DNA Polymerase (Takara)を用い
た PCR(98ºC, 10 秒→57ºC (AhpC)または 61ºC 
(zinT), 1分→72 ºC, 1.5分を 30サイクル)により増
幅した。AhpC遺伝子の PCRプライマーは、upper
プ ラ イ マ ー が 5’- CGGGGGTACCAATTG 
ATGTCCTTGATTAACACCAA -3’ (35mer, E.coli 
AhpC の 5’-非翻訳領域と Met1─Asn5 に相当)、
lower primer が、 5’- GCCCAAGCTTAGATTT 
TACCAACCAGGTCCAGAGA -3’  (35mer, E.coli 
AhpCの Val184-Ile187と 3’-非翻訳領域に相当)を
用いた。また zinT (yodA)遺伝子の PCRプライマ
ーは、upperプライマーが 5’-GGGGGTACCAATT 
GATGGCGATTCGTCTTTA-3’ (31mer, E.coli zinT
の 5’-非翻訳領域と Met1─Leu5 に相当)、lower 
primer が 5’-GCCCAAGCTTCAATGAGACATCA  




を Genetyx Mac ver.8.0 (Genetyx) を用いて解析し
た。 
 
3. 実験結果  
 
























見られなかった (Fig.2 (A))。一方 AT抵抗性変異
株では、AT濃度が 0, 1, 2mg/mlのいずれの条件に
おいても、37 ºC での培養時間が 15-30 時間で定
常期まで達した (Fig.2 (A),(B))。このことから AT

















Fig.1  Cultures of E.coli wild type and mutant 
strain on the M9 medium agar plate containing AT  
Each strain was streaked on the agar plate of M9 
minimum medium containing 1.5mg/ml AT, and 
cultured at 37ºC for 24h.   
 








ある Alkyl hydroperoxide reductase C22 protein 
(AhpC, UniProtKB/Swiss-Prot database: P0AE08)の
N 末端の配列(Ser1-Lys8, 開始コドンの Met を除
く)と一致した。 
Fig.2  Growth curves of E.coli wild type and mutant strain in the presence of AT  
(A) E.coli wild type strain, (B) E.coli AT-resistant mutant strain. Each strain was cultured at 37ºC with a 
135rpm shaking rate in 100ml of M9 minimum medium containing the indicated final concentration of AT, 
after it was pre-cultured in M9 medium up to OD600nm = 0.9.  Symbols: ■, none; ●, AT 1mg/ml; ▲, AT 
2mg/ml  
 
Fig.3 SDS-PAGE and image analysis of cell extract for E.coli wild type and mutant strain in the presence of 
AT  
(A) SDS-PAGE of cell extract for E.coli wild type and mutant strain in the presence of AT; E.coli wild type and 
mutant strain were cultured in the presence of the indicated concentration of AT, and their crude extracts were 
prepared as described in Materials and Methods. 20ug of each protein was analyzed by SDS-PAGE on 15% gel. (B) 
Image analysis for each lane of mutant strain on the SDS-PAGE gel (Panel A). Zero point of migration was set on 
the top of gel, and intensity of each band was calculated from the scanned gel image by Scion image software 
(Scion. Co.). Lines:  ▬, None;  ▬, 1mg/ml AT;  ▬ , 2mg/ml AT.  In panels (A) and (B), P1 protein was 






















大腸菌の Metal-binding proteinである zinT (yodA) 
protein (UniProtKB/Swiss-Prot database: P76344)の
N 末端近傍配列 (No.1: Asp46‐ Arg53, No.2:  










と変異株の AhpC 遺伝子および zinT (yodA)遺伝
子の塩基配列の相違に由来するのかを検討した。 
Fig.4 Native-PAGE and image analysis of cell extract for E.coli wild type and mutant strain in the presence of 
AT  
(A) Native-PAGE of cell extract for E.coli wild type and mutant strain in the presence of AT; E.coli wild type and 
mutant strain were cultured in the presence of the indicated concentration of AT, and their crude extracts were 
prepared as described in Materials and Methods. 20ug of each protein was analyzed by Native-PAGE on 10% gel. 
(B) Image analysis for each lane of mutant strain on the Native-PAGE gel (Panel A). Zero point of migration was set 
on the top of gel, and intensity of each band was calculated from the scanned gel image by Scion image software 
(Scion. Co.). Lines: ▬, None; ▬, 1mg/ml AT; ▬ , 2mg/ml AT. In panels (A) and (B), P2 protein was indicated 
by the arrow.  




した PCR primer を用いて、AhpC 遺伝子および
zinT (yodA)遺伝子を PCR により増幅した。その





および M13 Foward sequence primerにより各遺伝
子の塩基配列を決定した。その結果、AhpC 遺伝
子、zinT(yodA)とも野生株と変異株の間に塩基配
列の相違は見られなかった (AhpC 遺伝子 : 
Yamaguchi, Y. et al. (2008) DDBJ/EMBL/GenBank 
accesion number.AB428377 , zinT (yodA)遺伝子: 













































少した P1 タンパク質 (Alkyl hydroperoxide 





一方、変異株で AT 存在下発現量の増加した P2
タンパク質(zinT(yodA))は 216 残基の単量体タン
*No.1-4 sequences were detected by N-terminal sequence analysis of P2 protein. All these sequences are 
consistent with those of N-terminal region of E.coli zinT (yodA) protein as follows. No.1: Asp46-Arg53, No.2: 
























































考えられているが (23)、この zinT (yodA)の一次構
造および立体構造上の比較から (22)、 calycin 
superfamily のうち、疎水性低分子に結合する
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